A series of prototype superconducting dipole magnets have been constructed and tested as part of the ISABELLE Project research and development program.
Summary
A series of prototype superconducting dipole magnets have been constructed and tested as part of the ISABELLE Project research and development program.
Results of magnetic field measurements are presented with emphasis placed on the DC and AC components of the main field.-Magnetization and the effects of the magnetic fields at the ends of the magnet are displayed.
In this paper we report on the magnetic field shape of the dipole magnets being constructed at BNL as part of the research and development program for the dipole magnets which will be installed in the ISABELLE storage ring. Although the main thrust of the magnet development to date has been in the area of magnet training and mechanical stabilityl, it is nonetheless important to examine the field shape within these dipoles and make comparisons with the tolerances which are imposed on the quality of the field in order to insure the successful operation of the machine.
The field analysis is based on the decomposition of the field into its harmonic components such that The measurement system is based on a revolving cylinder2 upon which loops have been wound to measure directly particlar multipoleson a continuous basis. Currently we are measuring on a routine basis the multipole components bn and an for n from 0 to 5 (dipole to dodecapole). Since these measurements are done in a continuous way we are able to measure these field harmonics while ramping the magnets.
In Fig. 1 respectively. The magnet to magnet RMS tolerance for dBO/Bo is 1.7 x 10-4. In figures 2 through 5 we display the remaining harmonics up to the decapole terms. All results, except the decapole terms, have been corrected for an offset of the measuring device from the magnetic axis of the magnet (defined as the axis of the sextupole). In this case the displacement is 0.75 mm. In all these figures the symbol C denotes the total integrated DC (O amp/sec) harmonics (including ends) while +,O, and A are respectively DC (up) and DC (down) and 8 amp/sec ramp rates at the middle of the magnet (excluding ends). The magnetic field octupole components. The magnetic field decapole components. This approach presents formidable difficulties, however, in that it would be necessary for the amplitudes of the induced harmonics to be reproducible from magnet to magnet and that allowances be made for the complicated nature of the time development of these induced harmonics. Further, since no trim coils are anticipated to correct for skew quadrupole and octupole terms, the presence of these induced harmonics places a more serious limitations on the operation of ISABELLE. Consequently, a considerable effort is being made toward reducing this effect.
The focus of this effort, currently, is toward increasing the interstrand resistance of the braid which should result in a suppresion of the eddy currents within the braid. One quadrupole magnet has been constructed and tested to date which contains a specially prepared high interstrand resistance braid. 4 The results of this magnet show a significant reduction in the induced harmonics. Dipoles which contain this new braid have been constructed and will be tested in the near future.
The discrepancy between the harmonics obtained at low currents for the two cases, DC (up) and DC (down), are predominately caused by persistant currents in the superconductor which have been induced by the dynamics of the changing magnetic field, B. However, unlike the previously discussed case of interstrand eddy currents, these currents are established within the superconducting filaments and persist due to the absence of an internal resistance. This magnetization 
Conclusions
In summary, we have reported on the most recent of a series of dipole magnets now being constructed and tested as part of the magnet R&D program for the ISABELLE Project. The principle thrust of this program is now being shifted from the training and mechanical stability of the dipole magnets toward the understanding and control of the magnetic field harmonics, in particular the magnet to magnet reproducibility of the allowed harmonics Bo, b2 and b4. The appearance of induced harmonics during the ramping of the magnets seriously degrade the quality of the magnetic field and consequently much effort is being directed toward significantly reducing this effect.
